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(57) A plurality of TEM mode transmission lines (L2- 
L5) are structured by pairs of thin film conductors (2 1 and 
22, 22 and 23, 23 and 24, and 24 and 25) which sandwich 
thin film dielectrics (31 to 34) by alternately stacking the 
thin film conductor (21 to 25) and the thin film dielectric 
(31 to 34). The phase velocities of TEM mode waves 
which are propagated at least by two of the transmission 
lines (L2 to L5) are substantially equal to each other. The 
thickness of each of the thin film conductors (21 to 25) 
is smaller than the skin depth of the frequency used so 
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that the electromagnetic fields of at least two TEM mode 
transmission lines among the TEM mode transmission 
lines (L2 to L5) are coupled to each other. In this way, 
the skin depth can be increased effectively. The conduc- 
tor loss and the surface resistance can be reduced sig- 
nificantly as compared to those of the conventional 
electrode. By use of this electrode, a transmission line, 
a resonator, a filter, and a high frequency device are 
structured. 
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Description 
TECHNICAL FIELD 

The present invention relates to a high frequency electromagnetic field coupled type thin film multilayered electrode 
used in high frequency bands of microwaves, semi-millimeter waves, or millimeter waves, and relates to a high frequency 
transmission line using the thin film multilayered electrode, a high frequency resonator using the thin film multilayered 
transmission line, a high frequency filter comprising the high frequency resonator, and a high frequency device compris- 
ing the thin film multilayered electrode. 

BACKGROUND ART 



With recent years* downsizing of electronic components, downsizing of devices has been implemented by using 
high dielectric materials even in high frequency bands of microwaves, semi-millimeter waves, or millimeter waves. For 
is implementation of downsizing of a device, when the shape of the device is reduced into a similar shape while the dielectric 
constant thereof is increased, there is such a problem that in principle, an energy loss increase in inverse proportion to 
the cube root of its volume. 

The energy loss of high frequency devices can be classified roughly into a conductor loss due to the skin effect and 
a dielectric loss due to the dielectric material thereof. Dielectric materials that have been developed into practical use 

20 in recent years include those having a low loss characteristic even in when they have their high dielectric constant, and 
therefore, the conductor loss rather than dielectric loss is predominant in the no-loaded Q of their circuits. As shown in 
FIG. 1 1 . a high frequency current concentrates on the conductor surface due to the skin effect, so that the closer to the 
conductor surface the position is, the more the surface resistance (also referred to as a skin resistance) increases, and 
this leads to an increased conductor loss (Joule loss). 

25 In view of these circumstances, an improved symmetrical strip line resonator (hereinafter, referred to as a conven- 
tional resonator) which is effectively reduced in conductor loss enough to obtain a high no-loaded Q has been proposed 
in the Japanese Patent Laid-Open Publication No. HEISEI 4 (1 992)-43703. The conventional resonator is a symmetrical 
strip line resonator in which a resonator circuit is made up of symmetrical strip lines having a strip conductor disposed 
between a pair of earth conductors which are oppositely positioned a predetermined distance away from each other 

30 with a dielectric interposed therebetween, wherein the symmetrical strip line resonator is characterized in that a plurality 
of sheets of strip conductors is disPosed between the pair of earth conductors in parallel the pair of earth conductors 
so that the plurality of sheets of strip conductors are multilayered so as to be spaced from each other at a predetermined 
interval with the dielectric interposed therebetween. 

The publication which discloses the above-mentioned conventional resonator also discloses the followings: 

35 

(a) it is preferably that the respective strip conductors are formed so as to have a thickness three times as thick as 
or more than the skin depth in order to effectively suppress the conductor loss; that is. in the strip conductors, the 
skin portion through which a high frequency current of microwave band flows is increased so that the effective 
sectional area in the strip conductors is increased; 
40 (b) a pair of strip conductors are made to conduct with each other at their one end via a through hole while they are 
made to conduct with each other also at another end via a through hole; and 

(c) an electric field distribution of the resonator is formed so that the electric field is directed from each of the strip 
conductors toward the earth conductors as shown in FIG. 3 of the publication. 

45 However, since it has the above-mentioned structure (a), there is such a problem that it is difficult to reduce the size 
and weight thereof, and the resonator has a relatively small reduction rate in conductor loss as well as a relatively small 
no-loaded Q. 

Accordingly, the object of the present invention is to dissolve the above-mentioned problems, and is to provide a 
high frequency electrode which can remarkably reduce the conductor loss as compared with that of the conventional 
so counterpart, and yet which can reduce the size and the weight of the embodied product of the present invention, and to 
provide a high frequency transmission line, a high frequency resonator, a high frequency filter, and a high frequency 
device. 



DISCLOSURE OF THE INVENTION 

The present inventor provides a high frequency electromagnetic field coupled type thin film multilayered electrode, 
a thin film multilayered transmission line and the like, capable of remarkably reducing the conductor loss by suppressing 
the skin effect with a structure completely different from that of the conventional resonator, i.e. , with a thin film multilayered 
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electrode formed by alternately stacking a thin film conductor and a thin film dielectric, each thin film conductor having 
a film thickness smaller than a skin depth 60 of a frequency which is used. 

A high frequency electromagnetic field coupled type thin film multilayered electrode according to the present inven- 
tion is a thin film multilayered electrode characterized in that 
5 thin film conductors (21 -25) and thin film dielectrics (31-34) are alternately smacked so that a plurality of TEM 

mode transmission lines (L2-L5) are multilayered. each of the TEM mode transmission lines (L2-L5) comprising a pair 
of the thin film conductors (2 1 and 22, 22 and 23. 23 and 24. and 24 and 25) between which each of the thin f am dielectrics 
(31-34) is sandwiched. 

wherein phase velocities of TEM waves which propagate through at least two of the plurality of TEM mode trans- 
10 mission lines (L2-L5) are made substantially equal to each other and a film thickness of each of the thin film conductors 
(21-25) is made smaller than a skin depth of a frequency which is used, so that electromagnetic fields of at least two of 
the plurality of TEM mode transmission lines (L2-L5) are coupled with each other. In this case, each of the thin film 
conductors (21-25) is preferably made of a superconducting material. 

Further, a high frequency transmission line according to the present invention is a high frequency transmission line 
is having at least one conductor, the conductor comprising a thin film multilayered electrode in which thin film conductors 
(21-25) and thin film dielectrics (31-34) are alternately stacked so that a plurality of TEM mode transmission lines (L2- 
L5) are multilayered. each of the TEM mode transmission lines (L2-L5) comprising a pair of the thin film conductors (21 
and 22. 22 and 23. 23 and 24, and 24 and 25) between which each of the thin film dielectrics (31-34) is sandwiched, 
wherein phase velocities of TEM waves which propagate through at least two of the plurality of TEM mode trans- 
20 mission lines (L2-L5) are made substantially equal to each other, and a film thickness of each of the thin film conductors 
(21-25) is made smaller than a skin depth of a frequency which is used, so that electromagnetic fields of at least two of 
the plurality of TEM mode transmission lines (L2-L5) are coupled with each other. In this case, the high frequency 
transmission line is implemented by. for example, a waveguide. 

Further, a high frequency transmission line according to the present invention is a high frequency transmission line 
25 comprising: 

a first transmission line (L1); and 

at least one TEM mode second transmission line (L2-L5) in which a thin film conductor (21-25) and a thin film 
dielectric (31-34) are alternately stacked so that the TEM mode second transmission line (L2-L5) comprises a pair of 
the thin film conductors (21 and 22. 22 and 23. 23 and 24. and 24 and 25) between which each of the thin film dielectrics 
30 (3 1 -34) is sandwiched. 

wherein a phase velocity of an electromagnetic wave which propagates through the first transmission line (L1) 
and a phase velocity of a TEM wave which propagates through at least one of the second transmission line (L2-L5) are 
made substantially equal to each other, and a film thickness of the thin film conductors (21-25) is made smaller than a 
skin depth of a frequency which is used so that an electromagnetic field of the first transmission line (L1) and an elec- 

35 tromagnetic field of at least one of the second transmission line (L2-L5) are coupled with each other. 

In the above-mentioned high frequency transmission line, an effective dielectric constant of the thin film dielectric 
(31-34) constituting the second transmission line (L2-L5) is preferably made smaller than an effective dielectric constant 
of the dielectric constituting the first transmission line (L1 ). By this arrangement, the phase velocity of the electromagnetic 
wave which propagates through the first transmission line (L1) and the phase velocity of the TEM wave which propagates 

40 through at least one of the second transmission line (L2-L5) can be substantially made equal to each other. 

In the above-mentioned high frequency transmission line, the thickness of the thin film dielectric (31-34) constituting 
the second transmission line (L2-L5) is made smaller than the thickness of the dielectric constituting the first transmission 
line (L1). By this arrangement, a time required for a film forming process of the second transmission line (L2-L5) can be 
reduced, and a low-impedance system transmission line having an impedance lower than that of the second transmission 

45 line (L2-L5) can be constituted, thereby allowing a reduced transmission loss to be achieved. 

In the above-mentioned high frequency transmission line, the high frequency transmission line (L1) is preferably a 
microstrip line. In the present case, the microstrip line is so constructed that the second transmission line (L2-L5) is 
formed as a microstrip conductor on a first surface of a dielectric substrate (10), while an earth conductor (1 1 ) is formed 
on a second surface of the dielectric substrate (10). Alternatively, the microstrip line is so constructed that the second 

50 transmission line (L2-L5) is formed as a microstrip conductor on the first surface of the dielectric substrate (10). while 
another one of second transmission line (L2-L5) is formed as an earth conductor on the second surface of the dielectric 
substrate (10). Further, the high frequency transmission line is preferably a strip line. Still further, the high frequency 
transmission line is preferably a coaxial line. Yet further, in the above-mentioned high frequency transmission line, the 
thin film conductors (21-25) is made of a superconducting material. 

55 A high frequency resonator according to the present invention comprises the above-mentioned high frequency trans- 
mission line having predetermined dimensions. In this case, the high frequency transmission line preferably has a length 
equal to a quarter of a guide wavelength of a signal transmitted through the high frequency transmission line, in a direction 
in which the signal is transmitted. 
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Further, a high frequency filter according to the present invention comprises the high frequency resonator having a 
predetermined length, an input terminal (12) for inputting a high frequency signal to the high frequency resonator, and - - 
an output terminal (13) for outputting a high frequency signal from the high frequency resonator. 

Further, a high frequency band-elimination filter according to the present invention comprises a transmission line 

5 (L10) for inputting a high frequency signal at one end thereof and outputting the high frequency signal at another end 
thereof, and a high frequency resonator to be coupled with the transmission line (L10). In the high frequency resonator, 
the high frequency transmission line preferably has a length equal to a quarter or a half of a guide wavelength of a signal 
transmitted through the high frequency transmission line, in a direction in which the signal is transmitted. 

Still further, a dielectric resonator according to the present invention is a dielectric resonator comprising a resonator 

w casing (77) including a conductor and a dielectric (76) which has a predetermined configuration and is arranged within 
the resonator casing (77), wherein the conductor is implemented by the above-mentioned high frequency electromag- 
netic field coupled type thin film multilayer ed electrode. 

Further, a high frequency filter according to the present invention comprises the dielectric resonator, an input terminal 
for inputting a high frequency signal to the dielectric resonator, the input terminal being eiectromagnetically coupled with 

is the dielectric resonator, and an output terminal for outputting the high frequency signal from the dielectric resonator, the 
output terminal being eiectromagnetically coupled with the dielectric resonator. 

Further, a high frequency device according to the present invention is a high frequency device which comprises an 
electrode and performs a predetermined high frequency operation, the electrode having the above-mentioned high fre- 
quency electromagnetic field coupled type thin film multilayered electrode. 

20 In the above-mentioned high frequency electromagnetic field coupled type thin film multilayered electrode, when 
the TEM mode transmission line (L2-L5) is excited by a high frequency signal, each of the thin film conductor (21-25) 
transmits a part of high frequency power incident thereon via an adjacent thin film dielectric (3 1 -34) to a thin film conductor 
(21-25) adjacent in a different direction, while reflecting a part of the high frequency power onto the adjacent thin film 
conductor (2 1 -25) via the thin film dielectric (31-34). Within the thin film dielectrics (31 -34) each of which is sandwiched 

25 by two adjacent thin film conductors (21 and 22, 22 and 23. 23 and 24, and 24 and 25), the reflection wave and trans- 
mission wave are resonating, while oppositely directed and facing two high frequency currents flow in the vicinity of the 
upper and lower surfaces of the conductor thin films (21 -25). Therefore, since the film thickness of each of the thin film 
conductors (2 1 -25) is smaller than a skin depth 6o. the oppositely directed and facing two high frequency currents interfere 
with each other, and are canceled by each other except for a remaining part thereof. In this way. in the high frequency 

30 electromagnetic field coupled type thin film multilayered electrode, a resonance energy or a transmission energy of 
adjacent thin film dielectrics (31-34) is coipl^d with each other via the thin film conductors (21-25). On the other hand, 
the thin film dielectrics (31 -34) have a displacement current generated by an electromagnetic field, this causing a high 
frequency current to be generated to the surface of their adjacent thin film conductors (21 -25). 

Furthermore, since phase velocities of TEM waves which propagate through at least two of the plurality of TEM 

35 mode transmission lines (L2-L5) are made substantially equal to one another, high frequency currents flowing through 
the thin film conductors (21-25) are substantially in phase with each other. As a result of this, the high frequency currents 
flowing in the thin film conductors (21-25) in phase increase the effective skin depth 6o. Therefore, when excitation is 
effected by a high frequency signal, an electromagnetic energy of the high frequency is transferred to an adjacent trans- 
mission line (L2-L5) through an electromagnetic coupling of the adjacent TEM mode transmission lines (L2-L5) whose 

40 electromagnetic fields are coupled, while the electromagnetic energy propagates in the longitudinal direction of the 
transmission lines (L2-L5). In this case, the electromagnetic energy of high frequency propagates in the longitudinal 
direction of the lines through eiectromagnetically coupled transmission lines (L2-L5), so that the energy propagates with 
an effectively increased skin depth So, that is. a decreased surface resistance R s . 

Also, in the high frequency transmission line, the conductor is implemented by the high frequency electromagnetic 

45 field coupled type thin film multilayered electrode, so that the conductor has a decreased surface resistance R s in a 
manner similar to that of the above-mentioned electrode. Accordingly, the high frequency transmission line is given as 
a transmission line having an extremely small transmission loss. 

Further, in the above-mentioned further high frequency transmission line, the second transmission line (L2-L5) is 
formed of a pair of thin film conductors (21-25) sandwiching a thin film dielectric (31-34) by alternately stacking thin film 

so conductors (21 -25) and thin film dielectrics (31-34). 

wherein a phase velocity of an electromagnetic wave propagating through the first transmission line (L1) and a 
phase velocity of a TEM wave propagating through at least one of the second transmission line (L2-L5) are made sub- 
stantially equal to each other, and a thickness of each of the thin film conductors (21-25) is made smaller than a skin 
depth of a frequency which is used, so that an electromagnetic field of the first transmission line (L1) and an electro- 

55 magnetic field of at least one of the second transmission line (L2-L5) are coupled with each other. In the high frequency 
transmission line, between the first transmission line (L1 ) and at least one of the second transmission line (L2-L5), there 
occurs an action similar to that of the above-mentioned high frequency electromagnetic field coupled type thin film 
multilayered electrode. That is, since high frequency electromagnetic field energy propagates in the longitudinal direction 
of the line via the second transmission lines (L2-L5) eiectromagnetically coupled with each other, the energy propagates 
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with an effectively greater skin depth 60. i.e. a smaller surface resistance R s . Therefore, the high frequency transmission 
lines are those having an extremely small transmission loss. 

Still further, the above-mentioned high frequency resonator is provided with the above-mentioned high frequency 
transmission lines having predetermined dimensions. Accordingly, the resonator has an extremely small transmission 
5 loss, and therefore, a resonator having an extremely large no-loaded Q is constituted. 

In the above-mentioned dielectric resonator, the conductor of the resonator casing (77) is implemented by the above- 
mentioned high frequency electromagnetic field coupled type thin film multilayered electrode, and therefore, a dielectric 
resonator having an extremely large no-loaded Q is constituted. 

Further, the above-mentioned high frequency filter is provided with the high frequency resonator having the prede- 
10 termined length, thereby constituting a band-pass or band-elimination filter each having an extremely large no-loaded Q. 

Further, in the high frequency band-elimination filter, the above-mentioned high frequency resonator having the 
predetermined length operates as a trap circuit, thereby constituting a band-elimination filter having an extremely large 
no-loaded Q. 

Yet further, in the high frequency device, the electrode comprises the above-mentioned high frequency electromag- 
15 netic field coupled type thin film multilayered electrode, thereby constituting a high frequency device having an extremely 
small conductor loss. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 FIG. 1 is a perspective view of a filter using a half-wavelength line type resonator using an electromagnetic field 

coupled type thin film multilayered transmission line which is a first embodiment according to the present invention. 

FIG. 2 is a longitudinal sectional view taken along a line A - A' of the half-wavelength line type resonator of FIG. 1 . 

FIG. 3 is a schematic longitudinal sectional view of the half-wavelength line type resonator of FIG. 1 taken in the 

longitudinal direction thereof, and a circuit diagram of a circuit connected thereto. 
25 FIG. 4 is a circuit diagram of an equivalent circuit of the half-wavelength line type resonator of FIG. 1 . 

FIG. 5 is a graph showing a frequency characteristic of a transmission coefficient S 2 i, which is a simulation result 

of the half-wavelength line type resonator of FIG. 1 . 

FIG. 6 is a graph showing frequency characteristics of relative amplitudes of currents flowing through the thin film 

conductors 21 to 25, which are simulation results of the half -wavelength line type resonator of FIG. 1 . 
.30 FIG.. 7 is a graph showing frequency characteristics of phase differences of currents flowing through the thin film 

conductors 21 to 25, which are simulation results of the half -wavelength line type resonator of FIG. 1. 
\ FIG. 8 is a graph ishowing frequency characteristics of transmission coefficients S 2 i with a number n of multilayered 

layers used as a parameter, which are simulation results of the half -wavelength line type resonator of FIG. 1 . 

FIG. 9 is a graph showing normalized conductor film thickness A£/6o to Q increasing rate characteristics with the 
35 number n of multilayered layers used as a parameter, which are simulation results of the half-wavelength line type 

resonator of FIG. 1 . 

FIG. 10 is a graph showing optimum design conditions for equalizing phase velocities for an effective dielectric 
constant ratio e^A^ to normalized dielectric film thickness Axg/So characteristic with the number n of multilayered 
layers used as a parameter, which is a simulation result of the half-wavelength line type resonator of FIG. 1 . 
40 FIG. 1 1 shows a current density distribution of the conductors through which a high frequency wave has been 
transmitted. 

FIG. 12 shows an ideal current density distribution of the thin film multilayered transmission line of FIG. 1 through 
which a high frequency wave has been transmitted. 

FIG. 1 3 shows an actual current density distribution of the thin film multilayered transmission line of FIG. 1 through 
45 which a high frequency wave has been transmitted. 

FIG. 1 4 is a f tow chart showing a flow for determining optimum parameters in the half-wavelength line type resonator 
of FIG. 1. 

FIG. 15 is a flow chart showing a flow for determining a minimized surface resistance in the half-wavelength line 
type resonator of FIG. 1 . 

50 FIG. 16 is a circuit diagram showing an equivalent circuit of a half-wavelength line type resonator filter using an 
electromagnetic field coupled type thin film multilayered transmission line which is a second embodiment according 
to the present invention. 

FIG. 17 is a graph showing frequency characteristic of a transmission coefficient S 2 i. which is a simulation result 
of the half -wavelength line type resonator of FIG. 16. 
55 FIG. 1 8 is a perspective view of a quarter-wavelength line type band-elimination filter using an electromagnetic field 
coupled type thin film multilayered transmission line which is a third embodiment according to the present invention. 
FIG. 19 is a circuit diagram including an equivalent circuit of the quarter-wavelength line type band-elimination filter 
of FIG. 18. 
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FIG. 20 shows various kinds of microwave lines and waveguides using an electromagnetic field coupled type thin 

film multilayered electrode according to the present invention, 

wherein FIG. 20 (a) is a perspective view of a microstrip line using an electromagnetic field coupled type thin 

film multilayered electrode according to the present invention; FIG. 20 (b) is a perspective view of a strip line using 
5 an electromagnetic field coupled type thin film multilayered electrode according to the present invention; FIG. 20 

(c) is a perspective view of a coaxial line using an electromagnetic field coupled type thin film multilayered electrode 

according to the present invention; and FIG. 20 (d) is a longitudinal sectional view of a TM 0 1 mode circular waveguide 

using an electromagnetic field coupled type thin film multilayered electrode according to the present invention. 

FIG. 21 is a schematic longitudinal sectional view of the half-wavelength line type resonator of FIG. 1 in the longi- 
10 tudinal direction, showing an operation thereof. 

FIG. 22 is a circuit diagram showing an equivalent circuit of a four-terminal circuit in FIG. 4. 

FIG. 23 is a perspective view showing a TM 110 double mode type dielectric resonator of a modified embodiment 

FIG. 24 is a longitudinal sectional view showing a TM 01 6 mode type two-stage dielectric band-pass filter of a modified 

embodiment. 

15 FIG. 25 is a graph showing an effective current value of a current flowing through each of the thin film conductors 
21 to 25 and the earth conductor 1 1 relative to a distance of transmission in the case where a film thickness AXs of 
the thin film dielectrics 31 to 34 is made to be smaller in the thin film multilayered transmission line according to the 
present invention. 

FIG. 26 is a graph showing an effective current value of a current flowing through each of the thin film conductors 
20 21 to 25 and the earth conductor 1 1 relative to a distance of transmission in the case where the film thickness Ax 8 
of the thin film dielectrics 31 to 34 is made to be greater in the thin film multilayered transmission line according to 
the present invention. 

FIG. 27 is a sectional view of a modified embodiment using a thin film multilayered transmission line as an earth 
conductor in the half-wavelength line type resonator using an electromagnetic field coupled type thin film multilayered 
25 transmission line which is a first embodiment of the present invention. 

FIG. 28 is a graph showing a relative amplitude of a current flowing through each of the thin film conductors 21 to 
25 and the earth conductor 1 1 relative to the distance of transmission of the half-wavelength line type resonator of 
FIG. 1 . 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will be hereinafter described with reference to the accompanying drawings. 
It is noted that the same components are denoted by the same reference numerals in the accompanying drawings. 

35 First Embodiment 

FIG. 1 is a perspective view of a filter using a half-wavelength line type resonator using an electromagnetic field 
coupled type thin film multilayered transmission line which is a first embodiment according to the present invention, and 
FIG. 2 is a longitudinal sectional view of the half-wavelength line type resonator of FIG. 1 taken along a line A - A'. 

40 The half-wavelength line type resonator of the first embodiment is characterized in using an electromagnetic field 
coupled type thin film multilayered transmission line using an electromagnetic field coupled type thin film multilayered 
electrode according to the present invention, which has a structure that thin film conductors 21 to 25 and thin film die- 
lectrics 31 to 34 are alternately stacked or multilayered. In the electromagnetic field coupled type thin film multilayered 
transmission line, a TEM mode microstrip line (hereinafter, referred to as a main transmission line) L1 is made up of a 

45 thin film conductor 21 . an earth conductor 1 1 . and a dielectric substrate 1 0 sandwiched between the thin film conductor 
21 and the earth conductor 1 1 . while four TEM mode microstrip lines (hereinafter, referred to as sub-transmission lines) 
L2 to L5 are stacked or multilayered on the main transmission line L1 . each sub-transmission line being made up in such 
a way that one thin film dielectric is sandwiched between a pair of thin film conductors. In FIG. 1 and the following 
drawings, reference numerals for the transmission lines are added behind V (comma) to reference numerals of the 

so dielectrics. 

More specifically, the half-wavelength line type resonator is characterized in that: 

(a) a film thickness Axq and a dielectric constant of each of the thin film dielectrics 3 1 to 34 are bet to predetermined 
values, respectively, so that the phase velocities of TEM waves which propagate through the respective transmission 

55 lines L1 to L5 are made substantially equal to each other; and 

(b) a film thickness A£ of each of the thin film conductors 21 to 25 is set to predetermined film thicknesses smaller 
than the skin depth 6o of a frequency used, so that between the adjacent transmission lines L1 and L2, L2 and L3, 
L3 and L4, and L4 and L5, their electromagnetic fields are coupled with each other. By this arrangement, high 
frequency energy flowing through the main transmission line L1 is transferred to the sub-transmission lines L2 to 
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L5. so that a high frequency current substantially uniformly flows through the respective thin film conductors 21 to 
25, and this leads to that the skin effect due to the high frequency is remarkably suppressed. 

As shown in FIG. 1 , on the dielectric substrate 10 having the earth conductor 1 1 formed over its entire rear surface, 
5 there is formed a strip-shaped thin film conductor 2 1 whose longitudinal length is Ajg/2 (where is a guide wavelength). 
In this arrangement, the main transmission line L1 in the form of a microstrip line is made up of the thin film conductor 

21 . the earth conductor 1 1, and the dielectric substrate 10 sandwiched between the thin film conductor 21 and the earth 
conductor 1 1 . Further, on the thin film conductor 21 , there are formed the thin film dielectric 31 . the thin fflm conductor 

22, the thin film dielectric 32. the thin film conductor 23, the thin film dielectric 33, the thin film conductor 24, the thin film 
io dielectric 34, and the thin film conductor 25 so as to be stacked in this order. In this case, the sub-transmission lines L2 

to L5 are formed in the following way: 

(a) the thin film dielectric 31 is sandwiched between a pair of thin tarn conductors 21 and 22, and this results in that 
the sub-transmission line L2 is made up; 
is (b) the thin film dielectric 32 is sandwiched between a pair of thin film conductors 22 and 23, and this results in that 
the sub-transmission line L3 is made up; 

(c) the thin film dielectric 33 is sandwiched between a pair of thin film conductors 23 and 24, and this results in that 
the sub-transmission line L4 is made up; and 

(d) the thin film dielectric 34 is sandwiched between a pair of thin film conductors 24 and 25, and this results in that 
20 the sub-transmission line L5 is made up. 

It is noted that the film thickness A£ of each of the thin film conductors 21 to 25 and the film thickness AXs of each 
of the respective thin film dielectrics 31 to 34 are set as detailed later by using the flow for determining the optimum 
parameters of FIG. 12. 

25 Further, on the dielectric substrate 1 0, an input-terminal conductor 1 2 is formed a predetermined gap g1 away from 
one longitudinal end of the thin film conductor 21 and close thereto enough to be electromagnetically coupled with each 
other, while an output-terminal conductor 13 is formed a predetermined gap g2 away from another longitudinal end of 
the thin film conductor 21 and close thereto enough to be electromagnetically coupled with each other. It is noted that 
in the first embodiment, the coupling between the input-terminal conductor 12 and one end of the thin film conductor 21 

30 and the coupling between the output-terminal conductor 13 and another end of the thin film conductor 21 are both 
capacitive couplings. 

. In the present case, the dielectric substrate 1 0 is made of. for example sapphire, which is ar- ;'umina single crystal. .., . 

while the thin film dielectrics 31 to 34 are made of. for example. Si0 2 . On the other hand, the earth conductor 1 1 and 
the thin fOm conductors 21 to 25 are made of a conductor such as Cu. Ag. or Au having an electric conductivity. 

35 FIG. 2 shows electric field and magnetic field distributions in the half-wavelength line type resonator which is con- 
structed as described above. FIG. 2 is a sectional view, however, in FIG. 2 the hatching of the dielectrics is omitted. 

As seen from FIG. 2, the electric fields are distributed in a direction perpendicular to the surfaces of the thin film 
conductors 21 to 25 and identical to one another. On the other hand, the magnetic fields are distributed in a direction 
parallel to the surfaces of the thin film conductors 21 to 25 and identical to one another. From this fact, it can be seen 

40 that the electromagnetic fields of the respective transmission fines L1 to L5 are coupled with one another. 

FIG. 3 is a schematic longitudinal sectional view of the half -wavelength line type resonator of FIG.1 in its longitudinal 
direction, and a circuit diagram of a circuit connected thereto, and FIG. 4 is a circuit diagram of an equivalent circuit of 
the half-wavelength line type resonator of FIG. 1 . 

As shown in FIG. 4, the main transmission line L1 comprises a distributed constant circuit comprised of LC unit 

45 distributed constant circuits connected in series and having inductors L11, L12 L1n and capacitors C1 1. C12 

C1 n. A signal generator Vsg for exciting the resonator Vsg and its internal resistance Rsg are connected to one end of 
the main transmission line L1 via an ideal transformer T1 1 having a turn ratio corresponding to the gap g1 . while a load 
resistance R u is connected to another end of the main transmission line L1 via an ideal transformer T12 having a turn 
ratio corresponding to the gap g2. It is noted that the turn ratio of all the following ideal transformers is 1 : 1 . In the main 

so transmission line L1 , ideal transformers T1 1 1 . T1 1 2 T1 1 n are inserted so as to be connected to the lower line in the 

figure between the respective unit distributed constant circuits, and the ideal transformers T111, T112, T11n are 

grounded via four-terminal circuits F1 , F2 Fn. which comprise a distributed constant circuit including a loss resistance. 

and via ideal transformers T1 01 , T1 02 T1 On, respectively. 

It is noted that the four-terminal circuits (denoted by "F + number") which appear hereinbelow are equivalent circuits 

55 of the earth conductor 1 1 and the thin film conductors 21 to 25, and each of the four-terminal circuit comprises a dis- 
tributed constant circuit including a loss resistance as shown in FIG. 22. More specifically, each of the four-terminal 
circuits comprises an equivalent circuit in which a plurality of unit circuits each comprising a unit conductance gdx, a 
unit capacitance cdx. and a unit inductance Idx are connected in series. In this case, the unit conductance gdx, the unit 
capacitance cdx, and the unit inductance Idx are represented by the following equations, respectively: 



7 



BNSDOC1D: <EP 0716468A1_I_> 



EP 0 716 468 A1 



gdx = a(Ay/dz)dx, 

cdx = €0(Ay/dz)dx, and 

s Idx = >io(dz/Ay)dx, 

where a is an electric conductivity of the earth conductor 1 1 and the thin film conductors 21 to 25; 
eo is a dielectric constant in vacuum; 
\io is a permeability in vacuum; 
w dx is an infinitesimal length of the earth conductor 1 1 and the thin film conductors 21 to 25 in the direction of 

thickness thereof; 

Ay is a line width; and 

dz is an infinitesimal length in the direction of propagation. 
The sub-transmission line L2 comprises a distributed constant circuit in which LC unit distributed constant circuits 

15 are connected in series and which has inductors L21. L22 L2n and capacitors C21.C22 C2n. An ideal transformer 

T21 whose primary turn is open is connected to one end of the sub-transmission line L2 while an ideal transformer T22 
whose secondary turn is open is connected to another end of the sub-transmission line L2. Further, the sub-transmission 
lines L3, L4, and L5 are made up in the following way similar to that of the sub-transmission line L2. The sub-transmission 
line L3 comprises a distributed constant circuit in which LC unit distributed constant circuits are connected in series and 

20 which has inductors L31 . L32 L3n and capacitors C31, C32 C3n. An ideal transformer T31 whose primary turn 

is open is connected to one end of the sub-transmission line L3, while an ideal transformer T32 whose secondary turn 
is open is connected to another end of the sub-transmission line L3. Also, the sub-transmission line L4 comprises a 
distributed constant circuit in which LC unit distributed constant circuits are connected in series and which has inductors 
L41 , L42 L4n and capacitors C41 , C42, .... C4n. An ideal transformer T41 whose primary turn is open is connected 

25 to one end of the sub-transmission line L4, while an ideal transformer T42 whose secondary turn is open is connected 
to another end of the sub-transmission line L4. Further, the sub-transmission line L5 comprises a distributed constant 

circuit in which LC unit distributed constant circuits are connected in series and which has inductors L51 , L52 L5n 

and capacitors C51 . C52 C5n. An ideal transformer T51 whose primary turn is open is connected to one end of the 

sub-transmission line L5, while an ideal transformer T52 whose secondary turn is open is connected to another end of 

30 the sub-transmission line L5. 

An equivalent circuit within the thin film conductor 21 for connecting the adjacent transmission lines Li and L2 to 

each other is made up in the following way. That is. in the main transmission line L1. ideal transformers T121 . T122 

T12n are inserted so as to be connected to the upper line in the figure between the unit distributed constant circuits. 
The ideal transformers T121, T122 T12n are connected respectively to ideal transformers T211. T212, .... T21n 

35 inserted so as to be connected to the lower line in the figure between the unit distributed constant circuits of the sub- 
transmission line L2, respectively, via four-terminal circuits F1 1 , F12. .... F1 n corresponding to the thin film conductor 21 . 

Also, an equivalent circuit within the thin film conductor 22 for connecting the adjacent transmission lines L2 and L3 
to each other is made up in the following way. That is, in the sub-transmission line L2, ideal transformers T221 , T222, 
.... T22n are inserted so as to be connected to the upper line in the figure between the unit distributed constant circuits. 

40 The ideal transformers T221. T222. .... T22n are connected respectively to ideal transformers T311. T312 T31n 

inserted so as to be connected to the lower line in the figure between the unit distributed constant circuits of the sub- 
transmission line L3, respectively, via four-terminal circuits F21 , F22 F2n corresponding to the thin film conductor 22. 

Further, an equivalent circuit within the thin film conductor 23 for connecting the adjacent transmission lines L3 and 
L4 to each other is made up in the following way. That is, in the sub-transmission line L3, ideal transformers T321 , T322, 

45 .... T32n are inserted so as to connected to the upper line in the figure between the unit distributed constant circuits. 

The ideal transformers T321, T322 T32n are connected respectively to ideal transformers T411. T412 T41n 

inserted so as to be connected to the lower line in the figure between the unit distributed constant circuits of the sub- 
transmission line L4, respectively, via four-terminal circuits F31 . F32 F3n corresponding to the thin film conductor 23. 

Still further, an equivalent circuit within the thin film conductor 24 for connecting the adjacent transmission lines L4 

so and L5 to each other is made up in the following way. That is. in the sub-transmission line L4. ideal transformers T421 . 

T422 T42n are inserted so as to be connected to the upper line in the figure between the unit distributed constant 

circuits. The ideal transformers T421 , T422 T42n are connected respectively to ideal transformers T51 1 . T512 

T51n inserted so as to be connected to the lower line in the figure between the unit distributed constant circuits of the 
sub-transmission line L5, respectively, via four-terminal circuits F41 , F42 F4n corresponding to the thin film conductor 

55 24. 

Further, an equivalent circuit corresponding to the electromagnetic field distribution formed from the thin film con- 
ductor 25 toward the space is made up in the following way. That is. in the sub-transmission line L5, ideal transformers 

T521. T522 T52n are inserted so as to be connected to the upper line in the figure between the unit distributed 

constant circuits. The ideal transformers T521 . T522 T52n are connected respectively to load resistances R L1 , R L2 . 
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.... R^. respectively, via four-terminal circuits F51 . F52 F5n and ideal transformers T531 , T532 T53n correspond- 
ing to the thin film conductor 25. 

Next, described below are a flow for determining the optimum parameters in the resonator of FIG. 1 and a flow for 
determining a minimized surface resistance Rs, with the use of the following parameters: 
5 n : a number of multilayered layers. 

coo : a transmission (excitation) angular frequency which is used, 
|io : a permeability in vacuum, 

a : an electric conductivity of each of the thin film conductors 21 to 25. 

6o : a skin depth at a transmission angular frequency coo. 
10 Gq : a dielectric constant of each of the thin film dielectrics 31 to 34 of the sub-transmission lines L2 to L5. 

£„, : a dielectric constant of the dielectric substrate 10 of the main transmission line L1. 

AXq : a film thickness of each of the thin film dielectrics 31 to 34 of the sub-transmission lines 12 to L5. 

Axm : a substrate thickness of the dielectric substrate 10 of the main transmission line L1 . 

Aij : a film thickness of each of the thin film conductors 21 to 25, 
is Ay : (a line width) = (a width of each of the thin film conductors 2 1 to 25) ■ (a width of each of the thin film dielectrics 

31 to 34). 

p 8 : a phase constant of each of the sub-transmission lines L2 to L5, and 
p m : a phase constant of the main transmission line L1 . 
The recursion formula of a complex impedance Z on the transmission lines L1 to L5 normalized into dimensionless 
20 based on the equivalent circuit as shown in FIG. 4 can be represented by the following Equation (1a): 

Zk = -jw + 2 + [Y + (Z + Z k+l )" 1 ]" 1 . (1a) 

k = 0, 1, 2 n-1 

25 

where an n-th complex impedance Z n is represented as follows: 



30 Z n = J (2£) .060 CLfc) 



In the above equations, the subscript k of the complex impedance Z shows a line number numbered in the increas- 
35 ing order from 0 for the main transmission line L1 toward the upper-layer sub-transmission lines 12 to L5. Also, the 
complex impedance Z and the complex admittance Y are defined respectively by functions represented each with a 
medium parameter % used as a parameter by the following Equation (2) and Equation (3): 

Z - (1 + j) • tanh[(1 + j)/2 • ^1 (2), and 

40 

Y-V(1+j) • sinh[(1+j) • g (3). 

Further, a structural parameter w and the medium parameter £ are defined respectively by the following Equation 
(4) and Equation (5): 

45 

w~{2Ax s /6o} • ( £m /e s -1) (4), and 

€ » A <;/&o (5) 

50 where 60 is a skin depth at a transmission angular frequency coo and defined by the following Equation (6): 

60= / 2 (6) 

Since the complex impedance Z n can be given as a boundary condition of a vacuum layer as shown in the Equation 
55 (1b), a complex impedance Zo is defined as a two-parameter function of the structural parameter w and the medium 
parameter £ by the following Equation (7): 

Z 0 =Z 0 (w. « (7). 
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In the above Equation (7), when the real part of the complex impedance Zo is the minimum, the surface resistance 
R s of the thin film multilayered transmission lines becomes the minimum. Accordingly, the structural parameter w and- 
the medium parameter £ obtained when the surface resistance R s is the minimum are referred to as optimum set values, 
and are represented as w^, and ^ respectively. In this case, the following Equation (8) holds: 

5 

*s = Re[Z 0 ( Wopt , ^JJ/aSo (8). 

If the optimum values w^ and ^ are substituted into the above Equation (8), the dielectric film thickness AXe and 
the conductor film thickness A $ of each of the sub-transmission lines L2 to L4 are determined, and then, the following 
io Equations (9) and (10) are obtained: 

Ax s= w opt 5 °'2 - (e m /e 8 -1)" 1 (9), and 



15 



'opt- 

A£ = ^ opt 5o (10). 



Next, description is made hereinafter on a method for determining the optimum parameters w^ and £op t and the 
minimized surface resistance Rs in the half-wavelength line type resonator according to the present invention. In this 
case, it is assumed that a number n of multilayered layers, an electric conductivity a of each of the thin film conductors 
21 to 25. a skin depth 6o, a dielectric constant % of each of the thin film dielectrics 31 to 34, and a dielectric constant 

20 of the dielectric substrate 10 are previously given. 

FIG. 1 4 is a flow chart showing a flow for determining the optimum parameters w opt and topi in the half-wavelength 
line type resonator according to the present invention. 

As shown in FIG. 1 4, at step S1 . the n-layer recursion formula ( 1 ) is determined based on the predetermined number 
n of multilayered layers. Then, the following determinations are made based on the n-layer recursion formula. 

25 At step S2, the optimum structural parameter w^ is determined based on optimization for equalizing phase veloc- 
ities p of TEM waves which propagate through the transmission lines L1 to L5. Then at step S3, the film thickness Axg 
of each of the thin film dielectrics 31 to 34 of the sub-transmission lines L2 to L5 is determined based on the Equation (9). 

On the other hand, at step S4, the optimum structural parameter ^ is determined based on the optimization of 
energy coupling. Then at step S5. the film thickness A£ of each of the thin film conductors 21 to 25 is determined based 

30 on the Equation (10). Concretely, at steps S2 and S4. such a structural parameter w and a medium parameter £ are 
determined so that the real part Re[Zo(w t £)] of the dimensionless impedance Z 0 = Z 0 (w, £) for k = 0 determined by 
the n-layer recursion formula of the Equation (1) becomes the minimum, and then, the resulting values are taken as the 
optimized structural parameter w^ and the medium parameter ^ opt . 

FIG. 15 is a flow chart showing a flow for determining the minimized surface resistance Rs in the half-wavelength 

35 line type resonator according to the present invention. As shown in FIG. 15, at step S1 1 , the value of ReJZ^Wop,, 

is determined based on the n-layer recursion formula of the Equation (1) from the optimized structural parameter w^ 
and the optimized medium parameter £ opt . Then at step S12, the minimized surface resistance Rs is determined by 
substituting the value of RetZ 0 (w opt , ^ opt )] determined at step S1 1 , the electric conductivity a of each of the thin film 
conductors 21 to 25. and the skin depth 6o into the Equation (8). 

40 In the present embodiment, the effective dielectric constant of each of the thin film dielectrics 31 to 34 constituting 
the sub-transmission lines L2 to L5 is preferably set to be smaller than the effective dielectric constant of the dielectric 
substrate 10 constituting the main transmission line L1 . By this arrangement, the phase velocity of the electromagnetic 
wave which propagates through the first transmission line L1 and the phase velocity of the TEM wave which propagates 
through at least one of the second transmission lines L2 to L5 can be substantially made equal to each other. 

45 In the present embodiment, the thickness of each of the thin film dielectrics 3 1 to 34 constituting the sub-transmission 
lines L2 to L5 is made smaller than the thickness of the dielectric substrate 10 constituting the main transmission line 
L1 . By this arrangement, a time required for a film forming process of the sub-transmission lines L2 to L5 can be reduced, 
and a low-impedance transmission line having an impedance lower than that of the sub-transmission lines L2 to L5 can 
be constituted, then, this results in a reduced transmission loss. 

so In the above determination flows of FIG. 1 4 and FIG. 1 5. the dielectric constant ^ of each of the thin film dielectrics 
31 to 34 is previously given and then their film thickness AXg is determined. However, the present invention is not limited 
to this, but it may be arranged so that, as apparent from the Equation (4), the film thickness AXs of each of the thin film 
dielectrics 31 to 34 is previously given and then their dielectric constant eg may be determined. 

In addition, since it is assumed that the electromagnetic fields are uniform in the widthwise direction of the trans- 

55 mission lines L1 to L5. determination of the film thickness in the above-mentioned optimization will be affected neither 
by the substrate thickness Ax™ of the dielectric substrate 10 of the main transmission line L1 nor by (the line width) = 
(the width of each of the thin film conductors 21 to 25) = (the width Ay of each of the thin film dielectrics 31 to 34). 

The present inventors has made computer simulation based on the equivalent circuit of the half-wavelength line 
type resonator which is described with reference to FIG. 4, and its results are shown hereinafter. FIG. 5 is a graph 
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showing a frequency characteristic of a transmission coefficient S 2 i. and FIG. 6 is a graph showing frequency charac- 
teristics of relative amplitudes of currents flowing through the thin film conductors 21 to 25 of the half-wavelength line- 
type resonator of FIG. 1 . In FIG. 6, reference numbers 11 to IS denote the values of the relative amplitudes of the currents 
flowing through the thin film conductors 21 to 25. respectively. FIG. 7 is a graph showing frequency characteristics of 
5 phase differences of currents flowing through the thin film conductors 21 to 25 of the half-wavelength line type resonator 
of FIG. 1 . In FIG. 7. reference numbers P1 to P5 denote the values of phase differences of the currents flowing through 
the thin film conductors 21 to 25, respectively. In this case, the parameters for the present simulation were set as follows: 

(a) the relative dielectric constant (effective value) ^ of the dielectric substrate 10 = 6.43, 
io (b) the substrate thickness Ax^ of the dielectric substrate 10 = 330 *im, 

(c) the relative dielectric constant of each of the thin film dielectrics 31 to 34 = 3.80. 

(d) the film thickness of each of the thin film dielectrics 31 to 34 Ax,. = 1 .40 jtm, 

(e) the electric conductivity a of each of the thin film conductors 21 to 25 = 5.80 x 10 7 S/m (material: Cu), 
(0 the film thickness A£ of each of the thin film conductors 21 to 25 = 0.97 jim. 

*s (g) the electric conductivity of the earth conductor 11 a = 5.80 x 10? S/m (material: Cu), and 
(h) the film thickness of the earth conductor 1 1 A£ m = 5.00 jim. 

As understood from FIG. 5, a transmission characteristic was obtained which has a transmission coefficient S 2 i = 
approximately -0.042 dB at a center frequency of 2000 MHz. 

20 Also, as understood from FIG. 6. the relative amplitudes of the currents flowing through the thin film conductors 21 
to 25 become the maximum at a resonance frequency of 2000 MHz. The relative amplitudes of the currents flowing 
through the thin film conductors 21 to 25 at the same resonance frequency attenuates increasingly in the order from the 
thin film conductor 21 toward the thin film conductor 25. At the same time, the high frequency electromagnetic field 
energy flowing through the main transmission line L1 transfers to the thin film dielectrics 31 to 34 via the thin film con- 

25 ductors 21 to 25 each having a loss. 

Further, as understood from FIG. 7, the phase differences of the currents flowing through the thin film conductors 
21 to 25 become 0° at the resonance frequency of 2000 MHz and are equal to each other, and further, the phase 
differences are approximately ± 90° at frequencies of 1990 and 2010 MHz. 

FIG. 8 is a graph showing frequency characteristics of the transmission coefficients S 2 i with the number n of mul- 

30 tilayered layers used as a parameter, which are simulation results of the half-wavelength line type resonator of FIG. 3. 
FIG. 9 is a graph showing a normalized conductor film thickness A#5o to Q increasing rate RQ characteristic with the 
number n of multilayered layers used as a parameter, and FIG. 10 is a graph showing effective dielectric constant ratio 
es/e m to normalized dielectric film thickness Ax«./5o characteristics with the number n of multilayered layers used as a 
Parameter. In this case, the parameters for the present simulation were set as follows: 

35 

(a) the relative dielectric constant (effective value) ^ of the dielectric substrate 10 = 90. 

(b) the substrate thickness Ax m of the dielectric substrate 10 = 500 fim. 

(c) the relative dielectric constant of each of the thin film dielectrics 31 to 34 = 40.2. 

(d) the film thickness Ax^ of each of the thin film dielectrics 31 to 34 = 1 .27 jim. 

40 (e) the electric conductivity a of each of the thin film conductors 21 to 25 = 6.00 x 10 7 S/m (material: Ag). 

(f) the film thickness A£ of each of the thin film conductors 21 to 25 = 1 .27 fim. 

(g) the electric conductivity a of the earth conductor 1 1 = ~ (infinite), 

(h) the film thickness A^ m of the earth conductor 1 1 = a finite value, and 

(i) the line length L = 15.8 mm. 

45 

It is noted that the earth conductor 1 1 was assumed to be a perfect conductor in order to evaluate only the thin film 
multilayered electrode in the present simulation. This is actually equivalent to a structure which results when a mirror 
image is given with respect to a symmetrical plane of the boundary plane to a perfect conductor. That is. it corresponds 
to a model in which the thickness of the dielectric substrate 10 is doubled and a thin film multilayered electrode is formed 
so on its both surfaces. 

As apparent from FIG. 8, it can be understood that as the number n of multilayered layers is increased, the trans- 
mission coefficient S 2 i at the resonance frequency (1 000 MHz) increases, with the Q value also increasing. The optimum 
parameters w^ and 4 opt , the real part Re[Zo], the Q value, and the Q increasing rate RQ at various numbers n of 
multilayered layers are shown in Table 1. where the Q value = 485 when n = 1 . 

55 



11 



BNSDOCIO: <EP 0716468A1 I > 



EP0 716 468A1 



Table 1 



Number n of multilayered layers 


Wopt 


£opt 


Re[Zo] 


Q value 


Q increasing rate RQ 


2 


2.0424 


0.9984 


0.6912 


720 


1.4468 


5 


1.2376 


0.6168 


0.4439 


1090 


2.2526 


10 


0.8703 


0.4348 


0.3146 


1540 


3.1788 


25 


0.5437 


0.2718 


0.1991 


2330 


5.0225 


50 


0.3920 


0.1960 


0.1408 


3440 


7.1025 



15 Also, as apparent from FIG. 9, it can be understood that as the number n of multilayered layers is increased, the 
maximum RQm of Q increasing rate RQ with Q value for n = 1 taken as a reference value increases, and that the 
maximum RQm of Q increasing rate can be obtained at a smaller predetermined value of normalized conductor film 
thickness A#5o. 

Further. FIG. 10 shows results of calculating the relation between the normalized dielectric film thickness AXg/6o 
20 and the effective dielectric constant ratio e^I^ based on the equations resulting when the values of the optimum param- 
eter Wop, of Table 1 are substituted into the Equation (4). As apparent from FIG. 10, it can be understood that the smaller 
the effective dielectric constant ratio of each of the sub-transmission line L2 to L5 to the main transmission line L1 
is, the smaller the film thickness AXg of each of the. thin film dielectrics 31 to 34 of the sub-transmission lines L2 to L5 
can be made. 

25 An operation of the half-wavelength line type resonator having the above-mentioned arrangement will be described 
hereinafter. 

As previously described, 

(a) the film thickness AXg and the dielectric constant 63 of each of the thin film dielectrics 31 to 34 are set to the 
30 predetermined values, so that the phase velocities of the TEM waves which propagate through the transmission 

lines L1 to L5 are made substantially equal to one another; and 

(b) the film thickness of each bf the thin film^coriductors 21 to 25 is set to the predetermined film thickness smaller 
than the skin depth 60 of the frequency which is used, so that between the adjacent transmission lines L1 and L2, 
L2 and L3, l_3 and L4. and L4 and L5, their electromagnetic fields are coupled with each other. By this arrangement, 

35 the high frequency energy flowing through the main transmission line L1 is transferred to the sub-transmission lines 
L2 to L5. so that the high frequency currents substantially uniformly flow through the thin film conductors 21 to 25. 
and then, the skin effect due to the high frequency is remarkably suppressed. 

FIG. 21 is a schematic longitudinal sectional view of the half-wavelength line type resonator of FIG. 1 in the longi- 

40 tudinal direction, showing its operation, where it is reduced in scale in the longitudinal direction remarkably greater than 
in the direction of thickness thereof. In FIG. 21 , the high frequency current is indicated by solid lines and the displacement 
current is indicated by clotted lines. 

When the resonator is excited by a high frequency signal inputted to the main transmission line L1 , as shown in Fig. 
25, the thin film conductors 21 to 25 transmit a part of the high frequency power, which is incident onto the thin film 

45 conductors via the thin film dielectrics on the lower side thereof, onto the side thin film conductors on the upper side, 
and while reflecting a part of the energy of the high frequency signal to the thin film conductors on the lower side via the 
thin film dielectrics on the lower side. Further, within the thin film dielectrics 31 to 34 sandwiched by the adjacent two 
thin film conductors, the reflection waves and the transmission waves resonate to each other, while two high frequency 
currents facing to each other in opposite directions (hereinafter, referred to as facing two high frequency currents) flow 

50 in the vicinity of the upper surfaces and in the vicinity of the lower surfaces of each of the thin film conductors 21 to 25. 
That is, since the film thickness of each of the thin film conductors 21 to 25 is smaller than the skin depth 60, the facing 
two high frequency currents in opposite directions interfere with each other via the thin film dielectrics, and then are 
cancelled by each other except some remaining portions thereof. On the other hand, the displacement currents are 
generated by electromagnetic fields in the thin film dielectrics 31 to 34, and this leads to high frequency currents on the 

55 surfaces of the adjacent thin film conductors. In the half -wavelength line type resonator, as shown in FIG. 21 , the dis- 
placement currents become the maximum at the longitudinal both ends of the line and become the minimum at the 
center of the line. 

In this case, if the case is ideal, the amplitudes of the high frequency currents of the thin film conductors 21 to 25 
becomes constant, and then, the conductor loss becomes the theoretical possible minimum, as shown in FIG. 12. How- 
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ever, in an actual case, the amplitudes of the high frequency currents of the thin film conductors 21 to 25 have distributions 
different from each other as shown in FIG. 13, and when the upper the thin film conductor is. the more the amplitudes- 
of the high frequency currents decreases. It is noted that in all of FIGs. 1 1 . 1 2, and 1 3. the total current values proportional 
to the area of hatched portions are made coincident with one another for comparison. 

Further, since the film thickness AXs and the dielectric constant ^ for determining the effective dielectric constant 
of each of the thin film dielectrics 31 to 34 are so set that the phase velocities of the TEM waves propagating through 
the transmission lines L1 to L5 are made substantially equal to one another, the high frequency currents flowing through 
the thin film conductors 21 to 25 are substantially in phase to one another. Then, the high frequency currents flowing 
through the thin film conductors 21 to 25 in phase cause the skin depth 6o to increase effectively. 

Accordingly, if the resonator is excited by a high frequency signal, the high frequency electromagnetic field energy 
transfers to the upper transmission lines by the coupling between the electromagnetic fields of the adjacent transmission 
lines, while propagating in the longitudinal direction of the transmission lines of the resonator. In this case, the resonator 
is brought into a resonance state, since the TEM waves propagate with an effectively greater skin depth 5o, i.e. a smaller 
surface resistance R^ and reflect at the both ends of the half-wavelength line. 

FIG. 28 is a graph showing relative amplitudes of currents flowing through the thin film conductors 21 to 25 and the 
earth conductor 1 1 relative to the distance of transmission of the half-wavelength line type resonator of FIG. 1 . In this 
case, the parameters for the present simulation were set as follows: 

(a) the relative dielectric constant (effective value) of the dielectric substrate 10 = 8.85, 

(b) the substrate thickness Ax m of the dielectric substrate 10 = 330 jim, 

(c) the relative dielectric constant of each of the thin f am dielectrics 31 to 34 = 3.80. 

(d) the electric conductivity a of each of the thin film conductors 21 to 25 = 5.18 x 10 7 S/m (material: Cu). 

(e) the film thickness A? of each of the thin film conductors 21 to 25 = 0.97 jtm. 

(f) the electric conductivity a of the earth conductor 1 1 = 5.18 x 10 7 S/m (material: Cu), 

(g) the film thickness A^ m of the earth conductor 1 1 = 10.00 p,m, 

(h) (the width of each of the thin ftfm conductors 21 to 25) = (width of each of the thin film dielectrics 31 to 34) = (the 
width of the dielectric substrate 10) = (the width of the earth conductor 11) = 5.00 mm, 

(i) the film thickness AXg of each of the thin film dielectrics 31 to 34 = 0.73 \ia\ t and 
(j) the line length L = 25.1333 mm. 

In FIG. 28. Ig and 11 to 15 denote the relative amplitudes of the currents flowing through the earth conductor 1 1 and 
the thin film conductors 21 to 25; ; respectively. As apparent from FIG. 28, the currents flowing through the earth conductor 
1 1 and the thin film conductors 2 1 to 25 are divided and shunt with predetermined rates, constituting respective standing 
waves. 

Therefore, the resonator of the present embodiment has the following characteristic advantages: 

(a) since the thin film multilayered electrode is provided, the skin depth can be effectively increased, so that the 
conductor loss and the surface resistance can be reduced substantially as compared with the conventional coun- 
terpart. This makes it possible to offer a resonator or filter with an extremely large no-loaded Q in smaller size and 

40 weight; and 

(b) in the case of a microstrip line, for example, a line impedance can be changed without changing the line width, 
by using a thin film multilayered transmission line or not using it. or by changing the number of the multilayered 
layers. This facilitates pattern design on the dielectric substrate. 

45 According to the simulation by the present inventor, it can be seen that a decreasing rate of the surface resistance 
Rs is in inverse proportion to the number n of multilayered layers in the ideal case of FIG. 1 2. On the other hand, in the 
actual case of FIG. 13, it can be seen that the decreasing rate of the surface resistance Rs is in inverse proportion to 
the square root of the number n of the multilayered layers. 

It may be constituted so that only the earth conductor 1 1 of the first embodiment have the structure of the above- 
so mentioned high frequency electromagnetic field coupled type thin f Urn multilayered electrode, and the remaining con- 
ductors have the known conventional structures. Alternatively, the earth conductor 1 1 may be provided so as to be have 
the structure of the above-mentioned high frequency electromagnetic field coupled type thin film multilayered electrode 
in a manner as shown in FIG. 27. As shown in FIG. 27, a thin film conductor 21a, a thin film dielectric 31a. a thin film 
conductor 22a. a thin film dielectric 32a, a thin film conductor 23a, a thin film dielectric 33a. a thin film conductor 24a. 
55 a thin film dielectric 34a. and a thin film conductor 25a are multilayered in this order on the rear surface of the dielectric 
substrate 10. In this case, an operation of the resonator shown in FIG. 27 is similar to that of the resonator shown in 
FIG. 1 . Further, a protection dielectric may be formed on the thin film conductor 25 of the top layer of the first embodiment, 
and on a thin film conductor 25a of an embodiment modified from the first embodiment. Further, the entire body of the 
resonator may be enclosed or covered by a protection dielectric. 
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In the first embodiment described hereinabove, the main transmission line L1 and the sub-transmission lines L2 to 
L5 are the microstrip lines. However, the present invention is not limited to this, and they may also be transmission lines - 
such as trf-plate type strip lines, coplanar lines, slot lines or the like. In this case, thin film multilayered conductors accord- 
ing to the present invention may be used for at least either one of the center conductor and the earth conductor. 
5 In the above-mentioned first embodiment, the film thickness Ax s and the dielectric constant of each of the thin 

film dielectrics 31 to 34 are set so that the phase velocities of the TEM waves propagating through the transmission 
lines L1 to L5 are made substantially equal to one another. However, the present invention is not limited to this, but it 
may alternatively be arranged so that the phase velocities of the TEM waves propagating through the main transmission 
line L1 and at least one of the sub-transmission lines 12 to L5 are made substantially equal to each other. Further, it 
10 may also be arranged so that only at least one of the sub-transmission lines L2 to L5 is provided. 

Also, in the above first embodiment, the film thickness A£ of each of the thin film conductors 21 to 25 is so set that 
the electromagnetic fields are coupled with each other between the adjacent transmission lines L1 and L2, L2 and L3, 
L3 and L4, and L4 and L5. However, the present invention is not limited to this, and it may alternatively be arranged so 
that the electromagnetic fields are coupled with each other between the main transmission line L1 and at least one of 
15 the sub-transmission lines L2 to L5. 

Further, in the above-mentioned first embodiment, the main transmission line L1 is the TEM mode transmission 
line. However, the present invention is not limited to this, and the main transmission line L1 may also be a transmission 
line for propagating therethrough electromagnetic waves of the other kind of mode such as a TE mode, a TM mode, or 
the like. 

20 In the above-mentioned first embodiment, the fitter using the half-wavelength line type resonator using the electro- 
magnetic field coupled type thin film multilayered transmission line is described. However, the present invention is not 
limited to this, and a filter using a quarter-wavelength line type resonator using an electromagnetic field coupled type 
thin film multilayered transmission line may be constituted. Furthermore, by coupling an input transmission line with the 
electromagnetic field coupled type thin film multilayered transmission line, and coupling an output transmission line with 

25 the electromagnetic field coupled type thin film multilayered transmission line, respectively, via relatively strong electro- 
magnetic couplings, the electromagnetic field coupled type thin film multilayered transmission line can be used as a 
transmission line having an extremely low loss. Simulation results of the electromagnetic field coupled type thin film 
multilayered transmission line will be described hereinafter. 

FIG. 25 is a graph showing effective current values of currents flowing through the thin film conductors 21 to 25 and 

30 the earth conductor 1 1 relative to a distance of transmission from the input terminal in the case where the film thickness 
Axq of each of the thin film dielectrics 31 to 34 is decreased from 0.73 jun to 0,36 jim in the thin film multilayered 
transmission line according to the present invention, and FIG. 26 is a graph showing effective current values of currents 
flowing through the thin film conductors 21 to 25 and the earth conductor 1 1 relative to a distance of transmission from 
the input terminal in the case where the film thickness Ax s of each of the thin film dielectrics 31 to 34 is increased from 

35 0.73 jun to 1 .37 *im in a thin film multilayered transmission line according to the present invention. In the above cases, 
the parameters for the present simulation were set as follows: 

(a) the relative dielectric constant of the dielectric substrate 10 (effective value) = 8.85, 

(b) the substrate thickness Ax m of the dielectric substrate 10 = 330 fim. 

40 (c) the electric conductivity a of each of the thin film conductors 21 to 25 = 5.18 x 10 7 S/m (material: Cu), 

(d) the film thickness A£ of each of the thin film conductors 21 to 25 = 0.97 jim, 

(e) the electric conductivity a of the earth conductor 1 1 = 5.18 x 10 7 S/m (material: Cu), 
(0 the film thickness A£ m of the earth conductor 1 1 = 10.00 \im, 

(g) (the width of the thin film conductors 21 to 25) = (the width of the thin film dielectrics 31 to 34) = (the width of 
45 the dielectric substrate 1 0) = (the width of the earth conductor 11)= 5.00 mm, and 

(h) the input transmission power = 0.1 mW = -10 dBm. 

In FIGs. 25 and 26. Ig, l 1( l 2 . b. U and l 5 are effective current values of currents flowing through respectively the 
earth conductor 1 1 and the thin film conductors 21 to 25 when the dielectric constant e* r of each of the thin film dielectrics 

so 31 to 34 is 3.8 and their film thickness Ax^ is 0.73 pm In FIG. 25. Iga. ^a. 12a. I 3 a. I 4 a and l 5 a are effective current values 
of currents flowing through respectively the earth conductor 1 1 and the thin film conductors 21 to 25 when the dielectric 
constant of each of the thin film dielectrics 31 to 34 is 2.4 and their film thickness Axg is 0.36 fim. Further, in FIG. 26. 
Igb, Hb. 12b, l 3 b, l 4 b and l 5 b are effective current values of currents flowing through respectively the earth conductor 1 1 
and the thin film conductors 21 to 25 when the dielectric constant ^ of each of the thin film dielectrics 31 to 34 is 5.2 

55 and their film thickness AXg is 1 .37 jim. 

As apparent from FIGs. 25 and 26, only the main transmission line L1 is excited at the input terminal, and a current 
also permeates or flows to the sub-transmission lines L2 to L5 as the microwave signal propagates. Then the current 
value of the current flowing through each of the transmission lines L1 to L5 becomes constant when the signal propagates 
from the input terminal by about four wavelengths. It can be understood that a power of about 99.5% of the total trans- 
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mission power is transmitted to the main transmission line L1 in the present model, while the other remaining transmission 
power is distributed into the sub-transmission lines L2 to L5. Further, by comparing FIG. 25 with FIG. 26, it can be 
understood that a distance of convergence of the permeating current is reduced by thinning the film thickness AXg of 
each of the thin film dielectrics 31 to 34. That is. by thinning the film thickness Ax. of each of the thin film dielectrics 31 
5 to 34, the current immediately or suddenly permeates in the vicinity of the input terminal. When FIG. 4 is regarded as 
a transmission line, a reduced conversion loss results in the connection or coupling between the input or output terminal 
and the multi-layer transmission line. 

Second Embodiment 

10 

FIG. 16 is a circuit diagram showing an equivalent circuit of a half -wavelength line type resonator filter using an 
electromagnetic field coupled type thin film multilayered transmission line which is a second embodiment according to 
the present invention. 

Although only the main transmission line L1 is excited in the above-mentioned first embodiment, it may also be 
is arranged so that all the transmission lines L1 to L5 are excited in a manner similar to that of the second embodiment 
Hereinbelow. only differences from the first embodiment will be described. 

As shown in FIG. 1 6. respective primary turns of ideal transformers T1 1 . T21 T51 respectively connected to the 

transmission lines L1 to L5 are connected in series, and a series circuit of a signal generator Vsg and its internal resist- 
ance Rsg is connected across both the ends of the primary turns connected in series. On the other hand, respective 

20 secondary turns of ideal transformers T12. T22 T52 on the opposite end side are connected in series, and a load 

resistance R L is connected across both the ends of the secondary turns connected in series. 

FIG. 17 is a graph showing frequency characteristic of a transmission coefficient S 2 i. which is a simulation result 
of the half-wavelength line type resonator of FIG. 16. In this case, the parameters for the present simulation were set in 
the same way as that in FIG. 5. 
25 As understood from FIG. 17, a resonance characteristic having a transmission coefficient S 2 i = approximately - 
0.050 dB was obtained at a center frequency of 2000 MHz. 

In the above-mentioned second embodiment, it may alternatively be arranged so that the transmission lines L1 to 
L5 are excited to be weighted by using a variable amplifier or a variable attenuator, and an in-phase divider. In this case, 
distribution of electromagnetic field energies propagating in the transmission lines L1 to L5 can be changed. 

30 

Third Embodiment 

FIG. 18 is a perspective view of a quarter-wavelength line type band-elimination filter using an electromagnetic field 
coupled type thin film multilayered transmission line which is a third embodiment according to the present invention. 

35 In the third embodiment, as shown in FIG. 18. a microstrip line L10 is formed by forming a microstrip conductor 41 
on a dielectric substrate 1 0 having an earth conductor 1 1 formed on its entire rear surface. Then, the thin film multilayered 
electrode of the first embodiment comprising the thin film conductors 21 to 25 and the thin film dielectrics 31 to 34 and 
having a length of 1/4 Xg is formed so that the lowest thin film conductor 21 is positioned a gap g3 away from and close 
to the microstrip conductor 41 of the microstrip line L10 enough to be electromagnetically coupled therewith, and that 

40 the longitudinal directions of the thin film conductors 21 to 25 and the thin film dielectrics 31 to 34 are parallel to the 
longitudinal direction of the microstrip conductor 41 . 

FIG. 19 is a circuit diagram including an equivalent circuit of the quarter-wavelength line type band-elimination filter 
of FIG. 18. 

As shown in FIG. 19. the microstrip line L10 is made up of a distributed constant circuit in which LC unit distributed 
45 constant circuits are connected in series and which comprises inductors L100. L101 . .... L10n, L10(n+1) and capacitors 

C100. C101 C10n. Cl0(n+1). A resonator-exciting signal generator Vsg and its internal resistance Rsg are connected 

to one end of the microstrip line L10, while a load resistance R L is connected to another end of the microstrip line L10. 

In the main microstrip line L10. ideal transformers T610. T61 1 T61n, T61(n+1) are inserted so as to be connected 

to the lower line in the figure between the unit distributed constant circuits. The ideal transformers T61 0. T61 1 T61 n. 

so T61 (n+1 ) are grounded via four-terminal circuits F60. F61 F6n. F6(n+1) each of which comprises a distributed con- 
stant circuit corresponding to the earth conductor 1 1 and including a loss resistance and via ideal transformers T600. 
T601 T60n.T60(n+1). 

Also, in the microstrip line L1 0, ideal transformers T620. T62 1 .... . T62n, T62(n+1 ) are inserted so as to be connected 
to the upper line in the f igure between the unit distributed constant circuits. The ideal transformers T620. T621 , .... T62n. 

55 T62(n+1) are connected to load resistances R L10 . R L n Run. Ru(n+1). respectively, via the microstrip conductor 41 

and four-terminal circuits F70. F71, .... F7n, F7(n+1) corresponding to the space positioned above the microstrip con- 
ductor 41. 

Further, inductive coupling and capacitive coupling is generated by the gap g3 as follows. That is. the inductors L1 1 
and L101 are inductively coupled (M) with each other, the inductors L12 and L102 are inductively coupled (M) with each 
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other, and the following goes likewise, so that the inductors L1n and L10n are inductively coupled (M) with each other. 
Also, the capacitors C11 and C101 are capacitively coupled (C) with each other, the capacitors C12 and C102 are - - 
capacitively coupled (C) with each other, and the following goes likewise, so that the capacitors Cm and ClOn are 
capacitively coupled (C) with each other. 

s In the circuit arranged as described above, a resonator with an extremely small conductor loss can be provided by 

the quarter-wavelength line type thin film multilayered transmission line. Accordingly, by forming a microstrip line L10 
which is electromagnetically coupled with the resonator, a quarter-wavelength line type band-elimination filter having an 
extremely large no-loaded Q can be provided. 

Although the microstrip line L10 is used in the above-mentioned third embodiment, the present invention is not 

10 limited to this. It may be replaced with the other kind of transmission line such as a coplanar line, a slot line, a tri-plate 
type strip line, or the like. 

Modified Embodiment 

15 Further, in modified embodiments as described below, use of an electromagnetic field coupled type thin film multi- 
layered electrode according to the present invention makes it possible to reduce the surface resistance of the electrode 
remarkably as compared with the conventional counterpart, and this results in that the transmission loss can be remark- 
ably reduced. 

FIG. 20 (a) is a perspective view of a microstrip line using the electromagnetic field coupled type thin film multilayered 

20 electrode according to the present invention, and the electromagnetic field coupled type thin film multilayered electrode 
is used for a microstrip conductor 51 and an earth conductor 52 of the microstrip line. It is noted that the electromagnetic 
field coupled type thin film multilayered electrode may be used only for the microstrip conductor 51 . and the electromag- 
netic field coupled type thin film multilayered electrode may be used only for the earth conductor 52. 

Also. FIG. 20 (b) is a perspective view of a tri-plate type strip line using the electromagnetic field coupled type thin 

25 film multilayered electrode according to the present invention, and the electromagnetic field coupled type thin film mul- 
tilayered electrode is used for a microstrip conductor 61 and earth conductors 62 and 63 of the above-mentioned strip 
line. It is noted that the electromagnetic field coupled type thin film multilayered electrode may be used only for the 
microstrip conductor 61. and the electromagnetic field coupled type thin film multilayered electrode may be used only 
for at least one of the earth conductors 62 and 63. 

30 Further. FIG. 20 (c) is a perspective view of a coaxial line using the electromagnetic field coupled type thin film 
multilayered electrode according to the present invention, and the electromagnetic field coupled type thin film multilayered 
electrode is used for a center conductor 71 and an earth: conductor 72 of the above-mentioned coaxial line. It is noted 
that the electromagnetic field coupled type thin film multilayered electrode may be used only for the center conductor 
71 . and the electromagnetic field coupled type thin film multilayered electrode may be used only for the earth conductor 

35 72. 

Still further, FIG. 20 (d) is a longitudinal sectional view of a TM01 mode circular waveguide using the electromagnetic 
field coupled type thin film multilayered electrode 73 according to the present invention, and the electromagnetic field 
coupled type thin film multilayered electrode is used for an outer-surface electrode of the circular waveguide. Further, 
the electromagnetic field coupled type thin film multilayered electrode may be used for an outer-surface electrode of a 

40 rectangular waveguide (not shown). 

Further, the electromagnetic field coupled type thin film multilayered electrode according to the present invention 
can be applied to electrode-film portions formed on the outer surface of a cavity in a TM mode single mode type dielectric 
resonator in which a core dielectric and the cavity are integrally formed so as to be molded, such as disclosed in. for 
example, the Japanese Patent Laid-Open Publication No. HEISEI 03 (1991)-292006 (the Japanese Patent Application 

45 No. HEISEI 02 (1 990)-094862). Also, the TM mode dielectric resonator is not limited to the TM mode single mode type, 
and the electromagnetic field coupled type thin film multilayered electrode can also be applied to a double mode type 
dielectric resonator (for example, see FIG. 23) such as disclosed in. for example, the Japanese Patent Laid-Open Pub- 
lication No. SHOWA 63 (1988)-313901 (the Japanese Patent Application No. SHOWA 62 (1987)-1 50021), and can be 
further applied to a triple mode type dielectric resonator such as disclosed in, for example, the Japanese Patent Laid- 

so Open Publication No. SHOWA 61 (1986)-157101 (the Japanese Patent Application No. SHOWA 59 (1984) -279203). 
That is. irrespectively of the number of modes used, the electromagnetic field coupled type thin film multilayered electrode 
according to the present invention can be applied to an electrode-film portion of TM mode dielectric resonators. 

FIG. 23 shows an example of a double mode type dielectric resonator 75 which is a modified embodiment of the 
present invention. The double mode type dielectric resonator 75 is built up in such a way that at a center portion within 

55 a square-cylindrical resonator casing 77 in which the outer surface of the dielectric has been metallized, a cross-shaped 
dielectric 76 formed integrally so as to be molded with the casing 77 is provided. In this case, the electrode of the 
resonator casing 77 is provided by using the electromagnetic field coupled type thin film multilayered electrode according 
to the present invention. This results in that the surface resistance of the electrode can be remarkably reduced, and 
then, the loss of the dielectric resonator can be reduced while its no-loaded Q can be increased. 
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FIG. 24 shows an example of a TM 01 6 mode type two-stage dielectric band-pass filter 80 which is a modified embod- 
iment of the present invention. The band-pass filter 80 is made up in the following way. That is. SMA connectors 83 and. 
84 for input and output are attached at both ends of a cylindrical dielectric waveguide 81 having an outer-peripheral 
electrode 82. The earth conductors of the SMA connectors 83 and 84 are connected to the outer-peripheral electrode 
5 82, while monopole antennas 85 and 86 opposed to each other within the dielectric waveguide 81 are connected to 
center conductors of the SMA connectors 83 and 84, respectively. Within the dielectric waveguide 81 between the monop- 
ole antennas 85 and 86, two circular-cylindrical dielectric resonators 87 and 88 are provided a predetermined interval 
away from each other and via ring-shaped dielectric supports 89 and 90 in internal connection with the inner peripheral 
surface of the dielectric waveguide 81 . Also in the band-pass filter 80, the outer-peripheral electrode 82 is provided by 
10 the use of the electromagnetic field coupled type thin film multilayered electrode according to the present invention. This 
allows the surface resistance of the outer-peripheral electrode 82 to be remarkably reduced so that the loss of the 
dielectric filter can be reduced while its no-loaded Q can be increased. 

Further, the electromagnetic field coupled type thin film multilayered electrode according to the present invention 
can be applied to electrodes of various types of high frequency devices intended for their respective specific high fre- 
is quency operations such as those of isolators, antennas, inductors such as chip coils, capacitors or the like. 

In the above-mentioned embodiments, the solid thin film dielectrics 31 to 34 are used, however, the present invention 
is not limited to this, and gas such as air or liquid may be substituted for the thin film dielectrics 31 to 34. 

In the above-mentioned embodiments, the thin film dielectrics 31 to 34 have the same film thickness, however, the 
present invention is not limited to this, and the respective film thicknesses of the thin film dielectrics 31 to 34 may be set 
20 to be different from each other. 

In the above-mentioned embodiments, the thin film conductors 21 to 24 have the same film thickness, however, the 
present invention is not limited to this, and the respective film thicknesses of the thin film conductors 21 to 24 may be 
set to be different from each other. 

In the above-mentioned embodiments, the earth conductor 1 1 and the thin film conductors 21 to 25 are made of a 
25 conductor having an electric conductivity such as Cu, Ag, Au or the like, however, the present invention is not limited to 
this, and as at least one material of the earth conductor 1 1 and the thin film conductors 21 to 25, there may be used 
any of the following superconductors: 

(a) a pure metal superconducting material such as Nb. Pb, or the like; 

(b) a superconducting material of an alloy such as an Nb-Ti alloy, an Nb-Zr alloy, or the like; 

(c) an intermetallic compound superconducting material such as NbzSn, V 3 Si or the like; and 

(d) a ceramic group oxide superconducting material exemplified by: 
(d-1) La 2 . x Ba x Cu0 4 . 6 or La 2 -x Sr x Cu °4-6 such as La 1 85 Sr 0 15 Cu0 4 or the like; 
(d-2) YBa2Cu30 7 . 8 (amount of oxygen deficiency 6 = 0 to 1) such as YBa 2 Cu307 or the like; 
(d-3) a Bi-Sr-Ca-Cu-O group, the Bi-Sr-Ca-Cu-O group superconducting material being obtained by temporarily 
baking a powder of a mixture of Bi^. SrCo 3 , CaC0 3 and CuO at a temperature of 800 to 870°C and thereafter 
sintering the powder in an atmosphere at a temperature of 850 to 880°C; 

(d-4) a Tl-Ba-Ca-Cu-O group, the Tl-Ba-Ca-Cu-O group superconducting material being obtained as a supercon- 
ducting material having a main component of Tl2CaBa 2 Cu20 x by mixing and shaping powders of Tl^. CaO. BaO 
and CuO and thereafter sealingly inserting the shaped mixture of the powders in a silica tube including an oxygen 
gas at one atmospheric pressure and heating the same at a temperature of 880 °C for three hours; 
(d-5) an EBCO group; and 
(d-6) a BPSCCO group; 

(e) an organic substance superconducting material exemplified by: 

(e-1) a tetramethyltetraselenafulvalene (TMTSF) superconducting material such as (TMTSF)2CI0 4 or the tike; 
(e-2) a bis(ethylenedithiolo)tetrathiafulvalene (BEDT-TTF) superconducting material such as p(BEDT-TTF) 2 l 3 or the 
like; and 

(e-3) a dmit group superconducting material. 
so INDUSTRIAL APPLICABILITY 

As described above, according to the present invention, there is provided a thin film multilayered electrode in which 
thin film conductors (21-25) and thin film dielectrics (31-34) are alternately multilayered so that a plurality of TEM mode 
transmission lines (L2-L5) are stacked or multilayered. the TEM mode transmission lines (L2-L5) each comprising a pair 
55 of the thin film conductors (2 1 and 22. 22 and 23, 23 and 24. and 24 and 25) between which each of the thin f Hm dielectrics 
(31-34) is sandwiched, wherein phase velocities of TEM waves which propagate through at least two of the plurality of 
TEM mode transmission lines (L2-L5) are made substantially equal to each other, and the film thickness of each of the 
thin film conductors (21-25) is made smaller than the skin depth of a frequency used so that electromagnetic fields of 
at least two of the plurality of TEM mode transmission lines (L2-L5) are coupled with each other. Accordingly, the skin 
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depth is effectively increased, and then, the conductor loss and the surface resistance can be reduced remarkably as 
compared with those of the conventional counterpart, while remarkably preventing the external dimensions from increas- - 
ing as compared with the conventional structure. Use of the thin film multilayered electrode of the present invention 
makes it possible to offer high frequency transmission lines with smaller transmission loss, high frequency resonators 
or high frequency filters each having an extremely large no-loaded Q. or high frequency devices each having smaller 
size and weight. 



Claims 
w 1 



A high frequency electromagnetic field coupled type thin film multilayered electrode characterized in that 

thin film conductors (21 -25) and thin film dielectrics (31 -34) are alternately stacked so that a plurality of TEM 
mode transmission lines (L2-L5) are multilayered. said TEM mode transmission lines (L2-L5) each comprising a 
pair of said thin film conductors (21 and 22. 22 and 23. 23 and 24. and 24 and 25) between which each of said thin 
film dielectrics (31-34) are sandwiched. 
is wherein phase velocities of TEM waves which propagate through at least two of said plurality of TEM mode 

transmission lines (L2-L5) are made substantially equal to each other, and a film thickness of each of said thin film 
conductors (21-25) is made smaller than a skin depth of a frequency which is used, so that electromagnetic fields 
of at least two of said plurality of TEM mode transmission lines (L2-L5) are coupled with each other. 



20 



The high frequency electromagnetic field coupled type thin film multilayered electrode as claimed in Claim 1 . 
wherein each of said thin film conductors (21-25) is made of a superconducting material. 



30 



3. A high frequency transmission line having at least one conductor. 

said conductor comprising a thin film multilayered electrode in which thin film conductors (21-25) and thin 
25 film dielectrics (31-34) are alternately stacked so that a plurality of TEM mode transmission lines (L2-L5) are mul- 
tilayered, each of said TEM mode transmission lines (L2-L5) comprising a pair of said thin film conductors (21 and 
22, 22 and 23, 23 and 24, and 24 and 25) between which each of said thin film dielectrics (31-34) is sandwiched. 

wherein phase velocities of TEM waves which propagate through at least two of said plurality of TEM mode 
transmission lines (L2-L5) are made substantially equal to each other, and a film thickness of each of said thin film 
conductors (21-25) is made smaller than a skin depth of a frequency which is used, so that electromagnetic fields 
of at least two of said plurality of TEM mode transmission lines (L2-L5) are coupled with each other. 

4. The high frequency transmission line as claimed in Claim 3, 

wherein said high frequency transmission line is a waveguide. 

35 

5. A high frequency transmission line comprising: 

a first transmission line (L1); and 

at least one TEM mode second transmission line (L2-L5) in which a thin film conductor (21-25) and a thin 
film dielectric (31-34) are alternately stacked so that said TEM mode second transmission line (L2-L5) comprises 

40 a pair of said thin film conductors (21 and 22. 22 and 23. 23 and 24, and 24 and 25) between which said thin film 
dielectric (3 1 -34) is sandwiched. 

wherein a phase velocity of an electromagnetic wave which propagates through said first transmission line 
(L1) and a phase velocity of a TEM wave which propagates through at least one of said second transmission lines 
(L2-L5) are made substantially equal to each other, and a film thickness of each of said thin film conductors (21 -25) 

45 is made smaller than a skin depth of a frequency which is used, so that an electromagnetic field of said first trans- 
mission line (L1) and an electromagnetic field of at least one of said second transmission lines (L2-L5) are coupled 
with each other. 

6. The high frequency transmission line as claimed in Claim 5, 

50 wherein an effective dielectric constant of each of said thin film dielectrics (31 -34) constituting said second 

transmission lines (L2-L5) is made smaller than an effective dielectric constant of said dielectric constituting said 
first transmission line (L1). 

7. The high frequency transmission line as claimed in Claim 5 or 6, 

55 wherein a thickness of said thin film dielectric (31-34) constituting said second transmission line (L2-L5) is 

made smaller than a thickness of said dielectric constituting said first transmission line (L1 ). 

8. The high frequency transmission line as claimed in any of Claims 5 to 7. 

wherein said high frequency transmission line (L1) is a microstrip line. 
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9. The high frequency transmission line as claimed in Claim 8. 
wherein said microstrip line comprises said second transmission line (L2-L5) formed as a microstrip conductor- 

on a first surface of a dielectric substrate (10), and an earth conductor (11) formed on a second surface of said 
dielectric substrate (10). 

10. The high frequency transmission line as claimed in Claim 8, 
wherein said microstrip line comprises one of said second transmission line (L2-L5) formed as a microstrip 

conductor on a first surface of a dielectric substrate (10), and another one of said second transmission line (L2-L5) 
formed as an earth conductor on a second surface of said dielectric substrate (10). 

11. The high frequency transmission line as claimed in any of Claims 5 to 7, 

wherein said high frequency transmission line is a strip line. 

12. The high frequency transmission line as claimed in any of Claims 5 to 7, 
is wherein said high frequency transmission line is a coaxial line. 

13. The high frequency transmission line as claimed in any of Claims 3 to 12, 

wherein at least one of said thin film conductors (21 -25) is made of a superconducting material. 

20 14. A high frequency resonator comprising said high frequency transmission line as claimed in any one of Claims 3 to 
13 having predetermined dimensions. 

15. The high frequency resonator as claimed in Claim 14, 

wherein said high frequency transmission line has a length equal to a quarter of a guide wavelength of a 
25 signal transmitted through said high frequency transmission line, in a direction in which said signal is transmitted. 

16. The high frequency resonator as claimed in Claim 14, 

wherein said high frequency transmission line has a length equal to a half of a guide wavelength of a signal 
transmitted through said high frequency transmission line, in a direction in which said signal is transmitted. 

30 

17. The high frequency filter comprising: 

a high frequency resonator as claimed in any one of Claims 1 4 to 1 6. said high frequency resonator having 
a predetermined length; 

an input terminal (12) for inputting a high frequency signal to said high frequency resonator; and 
35 an output terminal (13) for. outputting a high frequency signal from said high frequency resonator. 

18. A high frequency band-elimination filter comprising: 

a transmission line (L10) for inputting a high frequency signal at one end thereof and outputting said high 
frequency signal at another end thereof; and 
40 a high frequency resonator as claimed in any of Claims 1 4 to 1 6 to be coupled with said transmission line (L1 0). 

19. A dielectric resonator comprising: 

a resonator casing (77) including a conductor; and 

a dielectric (76) having a predetermined shape, said dielectric being placed within said resonator casing (77), 
45 wherein said conductor is formed of said high frequency electromagnetic field coupled type thin film multi- 

layered electrode as claimed in Claim 1 or 2. 

20. A high frequency filter comprising: 

a dielectric resonator as claimed in Claim 19; 
so an input terminal for inputting a high frequency signal to said dielectric resonator, said input terminal elec- 

tromagnetically coupled with said dielectric resonator; and 

an output terminal for outputting a high frequency signal from said dielectric resonator, said output terminal 
electromagnetically coupled with said dielectric resonator. 

55 21 . A high frequency device having an electrode to perform a predetermined high frequency operation; 

wherein said electrode comprises a high frequency electromagnetic field coupled type thin film multilayered 
electrode as claimed in Claim 1 or 2. 
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Amended claims 

1 . (Amended) A high frequency electromagnetic field coupled type thin film multilayered electrode characterized in that 
thin film conductors (21 -25) and thin film dielectrics (31-34) are alternately stacked so that a plurality of TEM 
5 mode transmission lines (L2-L5) are multilayered, said TEM mode transmission lines (L2-L5) each comprising a 

pair of said thin film conductors (21 and 22, 22 and 23, 23 and 24. and 24 and 25) between which each of said thin 
film dielectrics (31-34) are sandwiched, 

wherein a film thickness of each of said thin film dielectrics (31-34) is set so that phase velocities of TEM 
waves which propagate through at least two of said plurality of TEM mode transmission lines (L2-L5) are made 
10 substantially equal to each other, and 

wherein a film thickness of each of said thin film conductors (21 -25) is set so as to be smaller than a skin 
depth of a frequency which is used so that electromagnetic fields of at least two of said plurality of TEM mode 
transmission lines (L2-L5) are coupled with each other. 

is 2. The high frequency electromagnetic field coupled type thin film multilayered electrode as claimed in Claim 1 , 
wherein each of said thin film conductors (21-25) is made of a superconducting material. 

3. (Amended) A high frequency transmission line having at least one conductor, 

said conductor comprising a thin film multilayered electrode in which thin film conductors (21-25) and thin 
20 film dielectrics (31-34) are alternately stacked so that a plurality of TEM mode transmission lines (L2-L5) are mul- 
tilayered, each of said TEM mode transmission lines (L2-L5) comprising a pair of said thin film conductors (21 and 
22, 22 and 23. 23 and 24, and 24 and 25) between which each of said thin film dielectrics (31-34) is sandwiched, 
wherein a film thickness of each of said thin film dielectrics (31-34) is set so that phase velocities of TEM 
waves which propagate through at least two of said plurality of TEM mode transmission lines (L2-L5) are made 
25 substantially equal to each other, and 

wherein a film thickness of each of said thin film conductors (21-25) is made smaller than a skin depth of a 
frequency which is used so that electromagnetic fields of at least two of said plurality of TEM mode transmission 
lines (L2-L5) are coupled with each other. 

30 4. The high frequency transmission line as claimed in Claim 3, 

; wherein said high frequency transmission line is a waveguide. 

5. (Amended) A high frequency transmission line comprising: 

a first transmission line (L1); and 
35 at least one TEM mode second transmission line (L2-L5) in which a thin film conductor (21-25) and a thin 

film dielectric (31-34) are alternately stacked so that said TEM mode second transmission line (L2-L5) comprises 
a pair of said thin film conductors (21 and 22, 22 and 23, 23 and 24, and 24 and 25) between which said thin film 
dielectric (31-34) is sandwiched, 

wherein a film thickness of each of said thin film dielectrics (31-34) is set so that a phase velocity of an 
40 electromagnetic wave which propagates through said first transmission line (L1) and a phase velocity of a TEM 
wave which propagates through at least one of said second transmission lines (L2-L5) are made substantially equal 
to each other, and 

wherein a film thickness of each of said thin film conductors (21-25) is made smaller than a skin depth of a 
frequency which is used so that an electromagnetic field of said first transmission line (L1) and an electromagnetic 
45 field of at least one of said second transmission lines (L2-L5) are coupled with each other. 

6. The high frequency transmission line as claimed in Claim 5, 

wherein an effective dielectric constant of each of said thin film dielectrics (31-34) constituting said second 
transmission lines (L2-L5) is made smaller than an effective dielectric constant of said dielectric constituting said 
so first transmission line (L1). 

7. The high frequency transmission line as claimed in Claim 5 or 6, 

wherein a thickness of said thin film dielectric (31-34) constituting said second transmission line (L2-L5) is 
made smaller than a thickness of said dielectric constituting said first transmission line (L1). 

55 

8. The high frequency transmission line as claimed in any of Claims 5 to 7. 

wherein said high frequency transmission line (L1) is a microstrip line. 
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9. The high frequency transmission line as claimed in Claim 8, 
wherein said microstrip line comprises said second transmission line (L2-L5) formed as a microstrip conductor- 

on a first surface of a dielectric substrate (10), and an earth conductor (11) formed on a second surface of said 
dielectric substrate (10). 

10. The high frequency transmission line as claimed in Claim 8, 
wherein said microstrip line comprises one of said second transmission line (L2-L5) formed as a microstrip 

conductor on a first surface of a dielectric substrate (10), and another one of said second transmission line (L2-L5) 
formed as an earth conductor on a second surface of said dielectric substrate (10). 

1 1 . The high frequency transmission line as claimed in any of Claims 5 to 7, 

wherein said high frequency transmission line is a strip line. 

12. The high frequency transmission line as claimed in any of Claims 5 to 7, 
15 wherein said high frequency transmission line is a coaxial line. 

13. The high frequency transmission line as claimed in any of Claims 3 to 12, 

wherein at least one of said thin film conductors (21 -25) is made of a superconducting material. 

20 14. A high frequency resonator comprising said high frequency transmission line as claimed in any one of Claims 3 to 
13 having predetermined dimensions. 

15. The high frequency resonator as claimed in Claim 14, 

wherein said high frequency transmission line has a length equal to a quarter of a guide wavelength of a 
25 signal transmitted through said high frequency transmission line, in a direction in which said signal is transmitted. 

16. The high frequency resonator as claimed in Claim 14. 

wherein said high frequency transmission line has a length equal to a half of a guide wavelength of a signal 
transmitted through said high frequency transmission line, in a direction in which said signal is transmitted. 

30 

17. The high frequency filter comprising: 

a high frequency resonator as claimed in any one of Claims 14 to 16. said high frequency resonator having 
a predetermined length; 

an input terminal (12) for inputting a high frequency signal to said high frequency resonator; and 
35 an output terminal (13) for outputting a high frequency signal from said high frequency resonator. 

18. A high frequency band-elimination filter comprising: 

a transmission line (L10) for inputting a high frequency signal at one end thereof and outputting said high 
frequency signal at another end thereof; and 
40 a high frequency resonator as claimed in any of Claims 14to 1 6 to be coupled with said transmission line (L10). 

19. A dielectric resonator comprising: 

a resonator casing (77) including a conductor; and 

a dielectric (76) having a predetermined shape, said dielectric being placed within said resonator casing (77), 
45 wherein said conductor is formed of said high frequency electromagnetic field coupled type thin film multi- 

layered electrode as claimed in Claim 1 or 2. 

20. A high frequency filter comprising: 

a dielectric resonator as claimed in Claim 19; 
50 an input terminal for inputting a high frequency signal to said dielectric resonator, said input terminal elec- 

tromagnetically coupled with said dielectric resonator; and 

an output terminal for outputting a high frequency signal from said dielectric resonator, said output terminal 
electromagnetically coupled with said dielectric resonator. 

55 21 . A high frequency device having an electrode to perform a predetermined high frequency operation; 

wherein said electrode comprises a high frequency electromagnetic field coupled type thin film multilayered 
electrode as claimed in Claim 1 or 2. 
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Fig. 2 
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